This investigation was carried out at the Experimental Farm of Gemmeiza Agriculture Research Station, Egypt during the three successive seasons,i.e., 2015/2016, 2016/2017 and 2017/2018 to study nature of gene action for yield and its components, heterosis expression, heritability and expected genetic advance under normal and water stress conditions. Six populations model (P1, P2, F1, F2, BC1 and BC2) was used in this study for three crosses; (I) Gemmeiza 11× Giza 168, (II) Giza 171× Shandawel 1 and (III) Gemmeiza 9× Misr1. Means of the six generations were recorded for eight characters, i.e. number of spikes per plant, plant height, main spike length, number of spikelets per main spike, number of kernels per main spike, main spike yield, grain yield per plant and 1000-kernels weight. Results revealed that the coincidence of sign and magnitude of heterosis and inbreeding depression was also detected for most characters in the three crosses under both conditions. Study of generation means analysis revealed that additive, dominance and epistasic effects were involved in the inheritance of yield and its components. Additive (a) and dominance (d) genes effects were significant for most studied characters under both conditions. High heritability estimates in broad sense were detected for all studied characters in the three crosses under both conditions, except, main spike yield in the first cross under stress. Narrow sense heritability estimates were found to be high for most characters under both conditions. Moderate to high genetic advance (Δg%) was detected for all characters of the three crosses under the two environments, except, plant height for the three crosses under normal condition and first and second cross under stress condition. The highest estimates of narrow sense heritability associated with highest genetic advance for most of the studied characters in most of crosses under both conditions indicated sufficient improvement of the variable characters. These results indicated the possibility of practicing selection in early generations for these characters.
INTRODUCTION
Wheat is the most important cereal crop in Egypt and worldwide. In Egypt, increasing grain yield of cereal crops is consider one of the important national goals to face the growing needs of the population, therefore, it has become necessary to develop genotypes which consistently show superior performance. The development of well adapted cultivars to a wide range of environmental stresses is the ultimate goal of plant breeders in wheat. Among the environmental stresses drought is the second contributor to yield reduction after disease losses (Farshadfar et al., 2001 and Farshadfar et al., 2008) . Improving drought resistance is, therefore a major objective in plant breeding programs for rainfed agriculture (Ehdaie and Waines, 1993) .The main objective of the wheat program is boost average national wheat grain yield. In this context, knowledge of the nature of gene action involved in the control of quantitative characters is important to identify the best parents and crosses and to make decisions about the appropriate selection strategies to manage progenies. In the present investigation, generation mean analysis was used for estimating gene effects and non-allelic gene action. Such analysis is very useful for the rapidly obtaining the overall information on various genetic system involved in segregating generations which may lead fixing favorable gene action for speedy gains. Plant breeders and geneticists frequently use generation mean analysis to obtain information of gene action controlling the economic characters in wheat (Akhtar and Chowdhry, 2006; Khaled, 2007 and Farag, 2009) .
The aim of this investigation was to study the heterosis, inbreeding depression, gene action, heritability, as well as predicted genetic advance in three wheat crosses using six population under two different environmental conditions.These information would be used in the approval of efficient breeding strategies in wheat breeding.
MATERIALS AND METHODS
The present study was carried out at the Experimental Farm of El-Gemmeiza Agricultural Research Station, ARC, Egypt during the three successive seasonsof 2015/2016, 2016/2017 and 2017/2018. The genetic materials used in this investigation included six bread wheat cultivars(Triticum aestivum L.) representing a wide range of diversity for several agronomic characters. The code number, names and pedigree of these parental genotypes are presented in Table (1). In 2015/2016 season, three crosses were made among the parents to produce F 1 hybrid seeds for crosses, i.e; (I) Gemmeiza 11× Giza 168, (II) Giza 171× Shandawel 1 and (III) Gemmeiza 9× Misr 1. In 2016/2017 season, F1 plants were selfed to produce F2 seeds and backcrossed to the parents to produce BC1 and BC2 seeds. In 2017/2018 season, the six populations of the three crosses were grown in two separate experiments in a randomized complete block design with three replicates for each one under normal and water stress conditions. The first experiment under normal condition (N) was irrigated three times after planting irrigation, i.e. four irrigations were given through the whole season. The second experiment was under water stress (S) where it was given only one surfaceirrigation 50 days after planting irrigation, i.e. two irrigations through the whole growing season. Each block comprised five rows of F2, two rows of Bc1 and Bc2 and one row of other three nonsegregated populations. The experimental units consisted of single rows three meters long with 30 cm. between rows, plants within rows were 10 cm. apart allowing a total of 30 plants per row. Each experiment was surrounded by a wide border (20 m) to minimize the underground water permeability. All other cultural practices, except irrigation, were applied as recommended for wheat cultivation in the area.
Data were recorded on individual guarded plants: (20 plants for unsegregated generations (P1, P2 and F1), 90 plants in BC1 and BC2 and 200 plants in F2 for the studied characters as follows: number of spikes per plant, plant height(cm),main spike length (cm), no. of spikelets per main spike, no. of kernels per main spike, main spike yield, grain yield per plant (gm.) and 1000. Kernel weight Statistical analysis:
The t-test was used to examine the existence of genetic variance between parental means. Statistical procedures used herein would only be computed if the F 2 genetic variance found to be significant. A one tail (F) ratio was used to examine the existence of genetic variance within the F 2 population. Heterosis (H) was expressed as percent increase of the F 1 mean performance above the respective better parent (Fonseca and Patterson, 1968) . Inbreeding depression (I.d) was measured as the average percent decrease of the F 2 from the F 1 values. Nature of gene action was studied according to the relationships illustrated by Gamble, 1962 . In this procedure the means of the six populations of each cross were used to estimate the six parameters of gene action (m, a, d, aa, ad and dd) . A test of significance of these parameters was conducted by the t-test. Heritability was estimated in both broad and narrow senses for F 2 generation according to Mather's procedure, 1949 . The predicted genetic advance under selection (ΔG) was computed according to Johnson et al., 1955 . This genetic gain represented as percentage of the F 2 mean performance was also obtained according to Miller et al., 1958 .
RESULTS AND DISCUSSIONS
The validity of the varietal differences and the genetic variance within F2 populations of the three crosses i.e. (I) Gemmeiza 11× Giza 168, Giza 171 × Shandawel 1 and Gemmeiza 9 × Misr 1 under normal (N) and stress (S) conditions for studied characters are presented in Table ( 2).
Varietal differences in response to their genetic background were found to be significant in most studied characters in the three crosses under this investigation. The genetic variances within F 2 populations were also found to be significant for all studied characters in the three crosses under both conditions. Consequently, the various genetical parameters used in this investigation were computed for all studiedcharacters. 
Name
Pedigree and selection history Gemmeiza 11 ( P1) 
OASIS/SKAUZ//4*BCN/3/2*PASTOR. The existence of the significant genetic variability in F 2 populations in spite of the insignificant differences between the parental wheat cultivars may suggest that the genes of like effects were not completely associated in the parental cultivars i.e. these genes are dispersed (Mather and Jinks, 1982) .
Means and variance of the six populations P1, P2, F1, F2, BC1 and BC2 for all studied characters in the three crosses under the two environmental conditions are shown in Table ( 3). Differences between genotypes were significant in most characters under study. The F 2 genetic variance was also significant for all characters in the three crosses under the two different environmental, revealing genetic diversity for these attributes in the materials, thus validating the genetic analysis of the characters following the technique of Mather and Jinks (1982) .
The mean values of the studied characters under the two environments, F 1 generation values were higher than the two parents except mean spike length under stress and 1000-kernel weight under the two treatments of irrigation indicating the presence of partial-dominance. Concerning F 2 mean, the values were less than the F 1 mean values for all studied characters under the two conditions revealing the importance of non-additive components of genetic variance in this study. Generally, the six population mean values were higher increased in the normal condition than in the stress condition for all studied characters, revealing the importance of water for plant behavior.
It is worthily to note that the water stress had affected all studied characters. Many researchers introduced some reasons for these reductions. ElHawary (2006) reported that number of spikes/plant and grain yield/plant had significantly decreased by water stress.In this regard, Elmassry et al. (2016) reported that water stress treatment decreased the mean of all genotypes for plant height, yield and yield components.
Heterosis and inbreeding depression:
Heterosis is expressed as the percentage deviation of F1 mean performance from the better parent of the characters. In this concern, percentage of heterosis over better parent values is presented in Table (4). Significant positive heterosis relative to better parent was obtained for most characters studied in the three crosses under both conditions. While, the first cross was produced negative significant to better parent for main spike length (-9.89)under stress condition and 1000-kernel weight under both condition.
Similar results were already reported by Zaazaa et al. (2012) for spike length, number of spikes/plant, number of spikelets /spike, grain weight/spike, number of grains/ spike, 1000-grain weight and grain yield/plant, Abd El-Rahman (2013) for plant height, number of spikes per plant, kernel weight and grain yield per plant and Munesh et al. (2018) for grains per spike, grain weight per spike and 1000 grain Significant heterobeltiosis in wheat is attributed to the major combined effects of additive x dominance and dominance × dominance gene effects. Absence of significant heterosis in other cases could be due to the internal cancellation of heterosis components. The results of heterosis suggested that hybrid vigour is available for the commercial production of wheat and selection of desirable hybrids among the crosses having heterotic and heterobeltiotic effects in other characters is the best way to improve the grain yield of bread wheat Memon (2010) .
Inbreeding depression measures the reduction in performance of the F2 generation due to inbreeding. The results revealed that significant positive inbreeding depression for most studied characters in the three crosses under both conditions (Table 4) . On the other hand, significant negative inbreeding depression values were detected for no .of spikelets per main spike and 1000-Kernel weight in the first cross (-10.33, -11.08), respectively under normal irrigation. Khattab et al. (2010) reported that significant positive Inbreeding depression for grain weight/spike and no. of grains / spike.
The coincidence of sign and magnitude of heterosis and inbreeding depression was detected for most characters in the three crosses. This is logic and expected since the expression of heterosis in F 1 will be followed by a considerable reduction in F 2 due to homozygosis.
Gene effects:
The estimates of the six parameters, i.e. means (m), additive (a), dominance (d), additive × additive (aa), additive × dominance (ad) and dominance × dominance(dd) are presented in Table 5 . Highly significance for the estimated values of mean effects (m) indicated that all the studied characters were quantitatively inheritance.
The additive gene effects (a)were significant and either positive or negative for all studied characters except no. of spikes per plant in the first cross under both condition and third cross only under normal condition, for plant height in third cross under both conditions, for main spike yield in third cross under stress condition, grain yield per plant in second cross under both condition and third cross under stress condition and first cross only under stress condition and 1000-kernel weight in second and third cross under normal case. The results obtained suggesting the potential for obtaining further improvement of these characters by practicing in selection their progenies. The results for all studied characters are in accordance with the previous findings of Abd El-Rahman (2013) . The dominance gene effects (d)were found to be highly significant for most studied characters (Table 5 ) except no. of spikes per plant and plant height in first cross under stress condition, for main spike length and 1000-kernel weight in cross I under normal condition. The magnitude of additive gene effects (a) were small relative to the corresponding dominance effects (d) in most cases, suggesting pedigree selection method is useful breeding program for improving these populations. These results are in harmony with those obtained by Khaled (2013) , Asadi et al. (2015) and . On the other hand, significant additive (a) anddominance (d) components indicated that bothadditive and dominance gene effects were importantin the inheritance of these characters. Also, selection for desirable characters may be practiced in early generations but it would be effective in the late ones. Similar results were obtained by Khaled (2013) .
Significant epistatic additive x additive (Table  5) type of gene effects (aa) was detected in most studied characters except no. of spikes per plant, plant height in the first cross under stress treatment, main spike length in first and second cross under normal and second cross only under stress,grain yield per plant in the first and third cross under stress condition and 1000-kernel weight in the first cross under normal.
Additive x dominance epistatic type of gene effects (ad) was found to be significant (Table 5) for no. of spikes per plant, in the second cross under both conditions, plant height in first cross was positive and significant and second cross was negative and positive under normal case, main spike length in second cross was negative and positive under both cases and it was positive and significant in third cross under both cases, no. of spikelets per main spike in the second cross under both case and third cross only under stress, no. of kernels per spike in the third cross under normal and second cross under stress, main spike yield in the first and second cross under both conditions, grain yield per plant in first cross under both condition and second cross under stress and 1000-kernel weight in first cross under normal and second cross under stress. The negative sign of additive x dominance (ad) interaction in most cases also suggested dispersion of genes in the parents.
The third type of epistatic effect dominance x dominance (dd) ( Table 5 ) effects were significantly detected for most characters except no. of spike per plant in the third cross under both condition and first cross only under normal, plant height in all crosses under both condition, main spike length in first and second cross under normal, second and third cross under stress, no. of spikelets per main spike in first cross under both condition, no. of kernels per main spike in third cross under normal, main spike yield in second cross under normal and third cross under stress, grain yield per plant in second cross under normal , first and third under stress and 1000-kernel weight in third cross under both conditions. These results are in agreement with those obtained by Khaled (2007) , Farag (2009) , Khattab et al . (2010) .
The study further revealed the epistatic gene effectswere important as additive and dominance geneeffects for most of the studied charactersand hence detection, estimation and consideration of epistasis is important for the formulation of breeding programs to improve a given wheat population for such characters. Such conclusions have also been drawn by Elmassry et al. (2016) .
Insignificant positive or negative results in the three crosses under the two environments reveal that the materials used in this study have more alleles controlling the studied characters and selection may be effective to improve these characters.
In general, the inheritance of all studied characters was found to be controlled by additive and non-additive gene action i.e. dominance and epistasis, consequently selection procedures based on the accumulation of additive effect would be successful in improving all characters under investigation. However, to maximize selection advance, procedures which are known to be effective in shifting gene frequency when both additive and non-additive genetic variances are involved would be preferred. Similar results were previously reported by Dawwam et al. (2007) , Ghanem (2008) and Elmassry (2009) . Heritability estimatesand genetic advance:
Knowledge of heritability of a trait guides a plant breeder to predict behavior of succeeding generations and helps to predict the response to selection. Estimation of broad-sense heritability estimates (Table 6 ) indicated higher importance of genetic effects in control of characters. Comparison between broad and narrow-sense heritability estimates revealed equal importance of additive and non-additive effects in genetic control of characters.
Plant breeders, through experience, can perhaps rate aseries of their response to selection. Heritability gave a numerical description of this concept. Assessment of heritability of various characters is of considerable important in crop improvement program, for example, to predict response to selection, Nyguist (1991) .
High heritability estimates in broad sense were detected for all studied characters in the three crosses under both conditions except main spike yield (44.52) in the first cross under stress case. Narrow sense heritability estimates were found to be high for main spike length, no .of spikelets per main spike and no. of kernels per main spike in all crosses under both conditions, no. of spikes per plant in first cross under both cases and second cross under normal case, plant height in the three crosses under both conditions except second cross under stress, main spike yield in second cross under stress, grain yield per plant in the first and second cross under normal and second cross under stress and 1000-Kernel weight in second cross under normal. These results indicate that selection may be more effective for improving these characters of genotypes in early generations Low estimates of narrow sense heritability were found for 1000-kernel weight (29.44) in the second cross under stress. While other characters found to be moderate estimate. These results indicate that environmental effects have a larger contribution than genetic effects for these characters. Similar approaches of broad-sense heritability estimates were coincident with those reported by Hammad et al. (2012) for plant height, number of spikes per plant, number of kernels per spike, kernel weight and grain yield per plant. Khaled (2013) for kernel weight and grain yield. Sharaan et al, (2017) ,reported higher heritability than 80% for plant height, spike length, no. of spikelets for the main spike, grains weight, 1000-grain weight, grain yield plant, no. of spikes. On theother hand, the results of heritability in narrowsense were similar to these obtained by Abd-El-Haleem et al. (2009) , for low estimate of spikes/plant and were moderately high for grain yield/plant. Also, Abd El-Rahman (2013)detected moderate estimate for plant height and grain yield per plant.
These results suggest that dominance gene action was primarily responsible for the inheritance of most characters in these crosses. Heritability in narrow sense as estimated using F2 and backcross data were high for most characters in these crosses. These results indicate thatselection may be more effective for improving characters of genotypes in early generations. On contrary, low narrow sense heritability was detected for1000-kernel weight in the second cross under stress. These results indicate that environmental effects have a larger contribution than genetic effects for these characters.
The genetic advance as percentage of the F2 mean for the studied characters is presented in Table  ( 6). Genetic advance gives clear picture and precise view of segregating generations for possible selection. Higher estimates of heritability coupled with better genetic advance confirm thescope of selection in developing new genotypes with desirable characteristics.
High values of genetic advance are indicative of additive gene action whereas low values are indicative of non-additive gene action (Singh and Narayanan 1993) . Thus the heritability estimates will be reliable if accompanied by high genetic advance. Moderate to high genetic advance (Δg%) was detected for all characters in the three crosses under the two environments except, plant height for the three crosses under normal condition and first and second cross under stress condition.
The highest estimates of narrow sense heritability associated with highest genetic advance for most of the studied characters in most of crosses under both condition indicated sufficient improvement of their variability characters. These results indicated the possibility of practicing selection in early generations for these characters. As for the remaining characters, selection for these characters would be effective, but probably of less success than in the former characters. These results are in general agreement with those obtained by Khattab et al. (2010) , Abd El-Rahman, (2013), Khaled, (2013) and Naheif ( 2014) .
However, since the present experiment was conducted at two different environmental conditions (normal and water stress) for a season, the estimates of additive and dominance components are confounded with environmental effects (location, season… etc.). The characters which showed absence of epistasis may give evidence of epistasis under other environmental conditions. Similarly, the characters which showed presence of significant epistasis may not do so if it is tested in other environments.
Therefore, more elaborate experiments have to be conducted to get a clear picture about the genetic systems controlling these characters in order to develop more efficient breeding procedures. (Subbaraman and Rangasamy, (1989) and Sadat and Sokhansanj, (2004) .
